In this immunocytochemical study, heterogeneity in the storage of gonadotropins in the sheep fetus was investigated. LH cells were first detected at 50 days of gestation, whereas FSH and LH-FSH cells were observed from Day 89 on; no gonadotropes containing ACTH were observed. LH cell percentage increased for both sexes between 99 and 120 days of gestation (from 2.8 + 0.1 to 4.0 ± 0.3), remained high until term, and did not change after birth. In males, FSH cell percentages increased about twofold between 120 and 130 days to 4.0 ± 0.4, fell at 140 days to 1.6 ± 0.1, and then increased in the newborn lambs about twofold. A similar pattern of development was observed in females, but the percentages were lower than in males.
INTRODUCTION
Most immunocytochemical studies have shown that the gonadotrope cell population is very heterogeneous in its ability to store gonadotropins. These studies have clearly shown in the rat [1] [2] [3] [4] and in adult [5] and fetal pigs [6, 7] that gonadotrope cells are able either to store only one of the hormones (LH cells or FSH cells) or to store both hormones (LH-FSH cells). Although domestic sheep have been the subject of fewer investigations, the ovine pars tuberalis has been found to contain less than 20% cells that store only one of the two gonadotropins while a majority of the cells react with both anti-LH and anti-FSH antisera [8] .
In several species, sparse gonadotropes may also contain adrenocorticotropic hormone (ACTH). In the adult pig [9] and in the rat [10, 11] , both FSH and ACTH are stored in the same secretory granules. Some cells contain both LH and ACTH or even LH, FSH, and ACTH [11] .
The origin and the significance of multihormonal cells have been disputed; indeed it is not known 1) whether such cells reflect several states of a single cell type capable of synthesizing, storing, and/or releasing LH and FSH and/or ACTH depending on physiological or other particular conditions; 2) whether they represent a third type of gonadotrope cells; or 3) whether they are stem cells.
In the ovine fetus, no information concerning the presence of such cells is available. The present study had two objectives: 1) to investigate possible heterogeneous storage patterns of the gonadotropins in the pituitary of the sheep during ontogenesis and, if these were observed, 2) to estimate changes in the percentages of the different types of gonadotropes during the later stages of gestation and in the newborn lamb.
MATERIALS AND METHODS

Tissue Preparation
Pituitaries were collected from both male and female (IleFrance x Romanov) sheep fetuses and newborn lambs (1 wk old). Fetuses were obtained by cesarean section [12] from 50 to 140 days of gestation. Pituitaries were removed quickly after the death of the animals, cut in two in the coronal plane, and immersed for 3 days in Bouin's Holland fixative containing 10% HgC12. Tissue pieces were then rinsed with distilled water for 72 h, dehydrated in graduated alcohols, embedded in paraffin, and then sectioned serially in the coronal plane at 4 ptm [13] .
Immunocytochemical Procedure
Monolabeling. After rehydration, the sections were rinsed with PBS (0.1 M, pH 7.4) for 5 min and exposed for 20 min to normal sheep serum diluted 1:15 with PBS. After the serum was rinsed, the sections were incubated for 120 min with either horse anti-oFSHO antiserum [14] or guinea pig anti-bovine LHO3 (bLH3) antiserum, which were diluted 1:100 in the same buffer containing 0.1% BSA. The sections were then incubated with secondary antisera conjugated to peroxidase:rabbit anti-horse gammaglobulins or goat antiguinea pig gamma globulins (Nordic Immunology, Tilburg, For a second analysis, individual areas of about 100 nucleated cells (randomly selected on the same sections) were measured at a magnification of 400x. At least 500 cells were measured and the mean area (square microns) for each pituitary was determined. Results are expressed as mean area of three pituitaries ( SEM) per sex and per stage.
Statistical Analysis
Significant effects of gestational age and sex on the factors studied (cell sizes and populations) were assessed by two-way analysis of variance, followed by either the Newman-Keuls test to determine significant variations of these factors throughout gestational stages or Student's t-test to determine differences between sexes (3 pituitaries per sex and per stage, n = 3).
RESULTS
Gonadotrope Cell Population
In both sexes, LH cells were first detected at 50 days of gestation, whereas FSH and LH-FSH cells were observed from 89 days of gestation onward (Fig. 1) . No cell containing both FSH and ACTH or both LH and ACTH was ever observed (data not shown).
LH cells. The percentage of LH cells in the total pituitary cell population according to gestational stages and sex is shown in Figure 2 . A significant effect of gestational stage (p < 0.01) on the development of the LH cell percentage was observed for both sexes, whereas there were no significant differences between sexes. In males, the percentage of LH cells increased between 99 and 120 days of gestation (from 2.8 + 0.1 to 4.0 0.4%,p < 0.01) and remained high until term. Likewise, in the 99-day-old females this percentage was 2.9 + 0.4%; it increased at 120 days to 4.1 + 0.5 (p < 0.01) and remained stable until birth.
FSH cells. Changes in the percentages of FSH cells at late gestational stages are shown in Figure 3 . Significant effects of gestational age (p < 0.001) and sex (p < 0.02) were observed. In females at 99 days of gestation, the percentage of FSH cells was 1.7 ± 0.3%; this percentage increased to 3.3 ± 0.1% (p < 0.01) at 130 days. After this time the FSH cell percentage decreased to 1.1 + 0.3% (p < 0.01) at 140 days, then increased once again (twofold) after birth (p < 0.05). In males the percentage of FSH cells increased between 120 and 130 days of gestation from 2.4 ± 0.2 to 4.0 ± 0.4% (p < 0.05), fell to 1.6 + 0.1% at 140 days (p < 0.01), then increased after birth to 3.2 + 0.4% (p < 0.05). When FSH cell percentages were compared between sexes within stages, no significant differences could be observed despite the result of the two-way analysis of variance (see above). It should be noted, however, that at every stage studied the values recorded in male pituitaries were higher than those in female pituitaries.
LH-FSH cells. Changes in the percentage of LH-FSH cells with sex and gestational stage are shown in Figure 4 . Significant effects of sex (p < 0.02) and gestational stage (p < 0.01) were observed. In the 99-day-old females, the percentage of LH-FSH cells was 0.5 + 0.1%; this value remained stable between 99 days of fetal life until the end of gestation and did not change after birth. In male fetuses aged 99 days, the percentage of LH-FSH cells was 0.7 + 0.1%; this value increased to 1.1 ± 0.1% (p < 0.01) at 120 days and decreased between 130 and 140 days to 0.8 + 0.1% (p < 0.05). In newborn lambs the percentage was 1.2 ± 0.1% (p < 0.01 vs. 140 days). Moreover, 120-day male fetuses had significantly more LH-FSH cells than the corresponding female fetuses (p < 0.05). 
Analysis of Cell Area
Because the different percentages of gonadotrope cells were evaluated through comparison of the total area of stained cells to the total area of unstained cells, it seemed important to know whether such variations reflected a higher number of cells and/or modifications of individual cell area. To test for these possibilities, we examined next whether the individual cell area changed with developmental stages and/or with sex; the results are shown in Table 1 .
LH cells. A significant effect of gestational stages (p < 0.001) on the LH cell surface was shown, whereas no significant effect of sex was observed. For both sexes, the LH cell surface decreased significantly between 82 and 99 days of gestation (from 52.0 + 1.1 11m 2 to 45.0 + 0.3 pxm 2 ,p < 0.01), then increased between 120 and 140 days to 51.0 + 0.6 im 2 (p < 0.01) and remained stable after birth.
FSH cells.
No significant effect of sex was shown, whereas a significant effect of the stages of gestation was observed (p < 0.001). An increase in the cell area occurred between 99 and 130 days (from 45.7 + 0.7 Vtm 2 to 53.1 +- 'p < 0.01 vs. G-120. dp < 0.01 VS. G-140.
0.5 Rm 2 , p < 0.01), followed by a decrease between 140-day-old fetuses and newborn lambs from 51.4 + 0.7 jim 2 to 47.0 0.9 jim 2 (p < 0.01).
DISCUSSION
The present immunocytochemical study has shown the existence of a heterogeneity in the storage of gonadotropins in pituitary cells of the ovine fetus. LH and FSH were present either in the same or in separate cells. Our findings are in agreement with results obtained in several species: Norway rats [2] [3] [4] , domestic pigs [5] [6] [7] , humans [16, 17] , monkeys [18, 19] , and dogs [20] . However, in recent work with cattle [21] , the existence of LH-FSH cells has been questioned because of the lack of highly specific antisera and the high homology of pituitary glycoprotein hormones.
In our study, especially in relation to the double-labeling technique, we thoroughly investigated the specificity of both primary and secondary antisera and were able to eliminate cross-reactions when required. It seems therefore reasonable to conclude that LH-FSH cells exist in the ovine fetus pituitary. However, we never observed gonadotrope cells that also contained ACTH in fetuses, newborn lambs, or even in the ram. This type of cell might be particular to rats [10, 11] and pigs [9] or might be present in the sheep only under particular physiological conditions. LH cells were detected earlier than FSH and LH-FSH cells. This finding is in agreement with previous work in pig [6, 7, 22] , rat [23] [24] [25] [26] , and sheep fetuses [27] .
Examination of the changes in the gonadotrope cell percentages during late gestation showed that LH and FSH cell percentages were greatest at around 130 days of gestation. Similarly, the highest circulating levels of LH and FSH were observed between 90 and 130 days of fetal life [28] . It has been established in the sheep fetus that LH is secreted in a pulsatile manner at least from 81 days of gestation [29] . Moreover, the release of LH is suppressed by an infusion of a GnRH agonist [30] or antagonist at least from 104 days of gestation [31] . Furthermore, the sensitivity of the fetal pituitary to exogenous GnRH is maximal between 115 and 132 days of gestation [32] . Taken together, these findings suggest that at around 120 days of gestation, the fetal gonadotrope cells are under an important trophic drive of GnRH. The high percentage of these cells at that time might therefore reflect an important synthesis and release of LH and FSH.
After 130 days of gestation, a decrease in the FSH cell percentages was observed in both sexes. This decrease was concomitant with the development of the lactotrope population [33] , which should modify the relative percentage of gonadotropes within the total pituitary cell population. However, the percentage of LH cells remained stable at that time, suggesting that a "dilution" of gonadotropes in other pituitary cells is not the main factor involved in this decrease. At the same period, there is a decline in plasma LH and FSH levels [28] , most probably due to the rise in fetoplacental sex steroids and perhaps to an anti-gonadotropic action of PRL [34] [35] [36] . Since these hormones are able to inhibit directly or indirectly [37] [38] [39] [40] the synthesis of LH and/or FSH, the decrease in the percentage of FSH cells observed at this moment could also be due to cells' becoming undetectable because of the small amounts of gonadotrope hormones they contain. Such a result suggests that specific inhibiting factors might be involved in the regulation of the synthesis and storage of FSH even during fetal life. This hypothesis would be supported by the finding in the sheep fetus of a lowering of FSH but not LH plasma concentrations after infusions of porcine follicular fluid, which putatively contains high levels of inhibins [41] . However, although it is known that an intragonadal bioactive inhibin-like activity is detectable in both male and female sheep fetuses as early as 111 days of gestation [42] , the role (if any) of fetal ovarian inhibin must be clarified [43, 44] (see below).
After birth, the percentage of FSH cells increased. Several studies have shown in the neonatal lamb a higher release of FSH and LH in response to an injection of a lutenizing hormone-releasing factor as compared to the response in 140-day-old fetuses [32, 45] . These results suggest that in the neonatal period the increase in the FSH cell percentage, as well as in gonadotropin plasma levels, may reflect a decrease in fetoplacental sex steroids as well as changes in the sensitivity of the hypothalamic pituitary gonadotropin unit to the inhibiting factors.
The changes in the action of these factors would allow the cells to recover their ability to synthesize, store, and release gonadotropins. Hence, the increase in the FSH cell percentage could be a function of cells' becoming more detectable because of their higher content of FSH. However, this assumption alone seems insufficient to explain totally the increase in the FSH cell percentage, since a similar increase in the LH cell percentage was not observed concomitantly.
The finding of a decrease in the FSH cell area in the neonatal period suggests that the increase in the FSH cell percentage should also reflect a multiplication of FSH cells.
LH-FSH cells appeared concomitantly with FSH cells from 89 days of gestation (data not shown). Table 2 shows the changes in the proportions of double-labeled cells to LH or FSH cells. The development of these multi-hormonal cells appeared to be closer to that of the LH cell population than to that of the FSH cell population.
Between 99 and 120 days of gestation, LH-FSH cells increased and at the latter stage represented 47% (male) and 37% (female) of the gonadotrope cell population that reacted with the anti-FSH serum. In late gestation, the LH-FSH cell percentage remained stable despite the important fall in the FSH cell percentage.
At 140 days, LH-FSH cells represented 49% (male) and 84% (female) of the gonadotrope cell population that re- Our results have shown a sex difference for LH-FSH and FSH cells during late gestational stages, with males usually having higher percentages of these cells than females. Previous studies have shown a sex difference in the regulation of the sheep fetal hypothalamo-pituitary-gonadal axis. Castration from 106 days of gestation until term (at a moment where fetal negative feedback of sex steroids is functional) increases FSH levels in the male fetus (to values within the range of intact or castrated females) but has no effect on females [43, 44] . This inhibitory effect of the fetal testes on FSH secretion, considered together with FSH levels lower in males at 88-105 and 118-126 days of age than in females [32] , suggests that male release of FSH is under an inhibitory effect of the fetal testes and that male FSH cells might store higher amounts of FSH than female FSH cells.
In conclusion, LH-FSH-containing cells exist in the anterior pituitary gland of the sheep fetus and appear concomitantly with FSH cells. However, the pattern of change in the percentages of these cells is different from that of FSH cells, suggesting that the LH-FSH cells are regulated differently and may have a specific role during ontogenesis.
